Background Background The vascular depression
The vascular depression hypothesis and our recent findings of hypothesis and our recent findings of increased frequency of spontaneous increased frequency of spontaneous cerebral emboli in dementia suggestthat cerebral emboli in dementia suggestthat such emboli may be involved in the such emboli may be involved in the causation of depressive symptoms in causation of depressive symptoms in dementia. dementia.
Aims Aims To evaluate the association
To evaluate the association between spontaneous cerebral emboli between spontaneous cerebral emboli and depressive symptoms in Alzheimer's and depressive symptoms in Alzheimer's disease and vascular dementia. disease and vascular dementia.
Method Method In a cohort of142 patients with
In a cohortof142 patients with dementia (72 with Alzheimer's disease dementia (72 with Alzheimer's disease and 70 with vascular dementia), the and 70 with vascular dementia), the association between spontaneous association between spontaneous cerebral emboli and clinically relevant cerebral emboli and clinically relevant depressive symptoms was examined using depressive symptoms was examined using multiple logistic regression analyses. multiple logistic regression analyses.
Results

Results Spontaneous cerebral emboli
Spontaneous cerebral emboli were significantly more frequent in the were significantly more frequent in the patients with clinically relevant depressive patients with clinically relevant depressive symptoms (66 symptoms (66 v. v. 37%, 37%, P P¼0.03). After 0.03). After adjustment for age, gender,Mini-Mental adjustment for age, gender,Mini-Mental State Examination score, type of dementia State Examination score, type of dementia and significant cardiovascular risk factors, and significant cardiovascular risk factors, the relationship remained significant the relationship remained significant (OR (OR¼3.47,95% CI1.10^10.97).
3.47,95% CI1.10^10.97).
Conclusions
Conclusions Spontaneous cerebral Spontaneous cerebral emboli are associated with clinically emboli are associated with clinically relevant depressive symptoms in relevant depressive symptoms in dementia, and further research is needed dementia, and further research is needed to explore the nature of this relationship. to explore the nature of this relationship.
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Depression affects up to 85% of patients Depression affects up to 85% of patients with dementia (Wragg & Jeste, 1989; with dementia (Wragg & Jeste, 1989; Weiner Weiner et al et al, 2002) , with a negative impact , 2002), with a negative impact on both patients and caregivers (Black & on both patients and caregivers (Black & Almeida, 2004) . The vascular depression Almeida, 2004) . The vascular depression hypothesis (Alexopoulos hypothesis (Alexopoulos et al et al, 1997) , 1997) suggests that cardiovascular risk factors suggests that cardiovascular risk factors have a causative role in depressive symphave a causative role in depressive symptoms among older adults, but research on toms among older adults, but research on the vascular depression hypothesis in the vascular depression hypothesis in dementia is limited. Recently we detected dementia is limited. Recently we detected spontaneous cerebral emboli in the middle spontaneous cerebral emboli in the middle cerebral arteries of about 40% of patients cerebral arteries of about 40% of patients with dementia (Purandare with dementia (Purandare et al et al, 2006) . , 2006). Such microemboli could be asymptomatic, Such microemboli could be asymptomatic, but are recognised as a risk factor for but are recognised as a risk factor for cerebrovascular accidents and poor neurocerebrovascular accidents and poor neurocognitive outcome in various patient groups cognitive outcome in various patient groups (Russell, 2002) . We investigated the (Russell, 2002) . We investigated the relationship between cerebral emboli, carrelationship between cerebral emboli, cardiovascular factors and depressive sympdiovascular factors and depressive symptoms in patients with dementia, with the toms in patients with dementia, with the hypothesis that spontaneous cerebral hypothesis that spontaneous cerebral emboli would be independently related to emboli would be independently related to depressive symptoms in dementia. depressive symptoms in dementia.
METHOD METHOD Patients Patients
Patients with dementia were drawn from Patients with dementia were drawn from participants in an earlier study investigating participants in an earlier study investigating the frequencies of spontaneous cerebral emthe frequencies of spontaneous cerebral emboli in Alzheimer's disease and vascular deboli in Alzheimer's disease and vascular dementia, and the method has been described mentia, and the method has been described in detail by Purandare in detail by Purandare et al et al (2006) . Briefly, et al, 1975), , 1975) , and those receiving anticoagulant treatment and those receiving anticoagulant treatment were excluded. The local research ethics were excluded. The local research ethics committees approved the study, and only committees approved the study, and only patients (and their carers) who gave written patients (and their carers) who gave written informed consent were included. informed consent were included.
Depressive symptoms Depressive symptoms
Depressive symptoms were assessed at an Depressive symptoms were assessed at an interview with carers using the Neurointerview with carers using the Neuropsychiatric Inventory (NPI; Cummings psychiatric Inventory (NPI; Cummings et et al al, 1994) , which rates depressive symptoms , 1994), which rates depressive symptoms and 11 other non-cognitive symptoms in and 11 other non-cognitive symptoms in the patient over the previous month. If the the patient over the previous month. If the screening question is answered positively, screening question is answered positively, the severity is classified into 'mild', 'moderthe severity is classified into 'mild', 'moderate' or 'severe' (score 1-3) and the freate' or 'severe' (score 1-3) and the frequency into 'less than once a week', 'once quency into 'less than once a week', 'once a week', 'most days, but not every day' a week', 'most days, but not every day' and 'every day' (score 1-4). The NPI sympand 'every day' (score 1-4). The NPI symptom score is calculated by multiplying the tom score is calculated by multiplying the scores for severity and frequency, which scores for severity and frequency, which gives a range of 1-12 if a symptom is gives a range of 1-12 if a symptom is present and a score of 0 if a symptom is present and a score of 0 if a symptom is absent. A score of 4 or more on the absent. A score of 4 or more on the depressive symptom sub-scale (mild sympdepressive symptom sub-scale (mild symptoms occurring every day, or moderate to toms occurring every day, or moderate to severe symptoms occurring at least once a severe symptoms occurring at least once a week) was used to identify clinically releweek) was used to identify clinically relevant depressive symptoms (Aalten vant depressive symptoms (Aalten et al et al, , 2005; Holthoff 2005; Holthoff et al et al, 2005) . , 2005). , 2006) . Briefly, continuous transcranial Doppler insonation continuous transcranial Doppler insonation of the middle cerebral arteries via the transof the middle cerebral arteries via the transtemporal windows for 1 h was used to detemporal windows for 1 h was used to detect the emboli. The output was recorded tect the emboli. The output was recorded on digital tape for subsequent analysis by on digital tape for subsequent analysis by a vascular technologist, masked to patient a vascular technologist, masked to patient identity. Patients were observed during identity. Patients were observed during each session for any movement so that arteeach session for any movement so that artefacts could be identified. Emboli were facts could be identified. Emboli were defined using international consensus defined using international consensus 2 6 0 2 6 0
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Cardiovascular risk factors Cardiovascular risk factors
The severity of carotid disease was imaged The severity of carotid disease was imaged using colour duplex ultrasound (Ultramark using colour duplex ultrasound (Ultramark 9; Advanced Technology Laboratories, 9; Advanced Technology Laboratories, Inc., Washington, DC, USA). The peak sysInc., Washington, DC, USA). The peak systolic velocity in the internal carotid arteries tolic velocity in the internal carotid arteries was used to calculate the degree of stenosis, was used to calculate the degree of stenosis, using established criteria (Sidhu & Allen, using established criteria (Sidhu & Allen, 1997). Blood pressure was measured 1997). Blood pressure was measured manually after a 5 min rest. Pulse pressure, manually after a 5 min rest. Pulse pressure, calculated as the difference between the syscalculated as the difference between the systolic and diastolic blood pressures, is retolic and diastolic blood pressures, is related to arterial stiffness and as such was lated to arterial stiffness and as such was used as a measure of atherosclerosis ( 
Statistical analyses Statistical analyses
We used chi-squared statistics or Fisher's We used chi-squared statistics or Fisher's exact test to determine the univariate reexact test to determine the univariate relationship between the NPI depression lationship between the NPI depression scores ( scores (5 54) and the presence of sponta-4) and the presence of spontaneous cerebral emboli. To control for poneous cerebral emboli. To control for potential confounders we performed multiple tential confounders we performed multiple logistic regression analyses entering the logistic regression analyses entering the dichotomised NPI depression scores as the dichotomised NPI depression scores as the dependent variable and the presence or dependent variable and the presence or absence of emboli as the independent absence of emboli as the independent variable. The analysis was repeated initially variable. The analysis was repeated initially without controlling for the effect of potenwithout controlling for the effect of potential confounding variables, and secondarily tial confounding variables, and secondarily by using age, gender, type of dementia and by using age, gender, type of dementia and level of cognitive functioning (MMSE level of cognitive functioning (MMSE score) as independent variables. Thereafter, score) as independent variables. Thereafter, we also adjusted for all cardiovascular risk we also adjusted for all cardiovascular risk factors that were univariately associated factors that were univariately associated with depressive symptoms in our sample with depressive symptoms in our sample at the 15% level. The level of significance at the 15% level. The level of significance in the final model was set at in the final model was set at P P5 50.05 0.05 (two-tailed). (two-tailed).
RESULTS RESULTS
Participants Participants
Of the original cohort of 170 patients with Of the original cohort of 170 patients with dementia (Purandare dementia (Purandare et al et al, 2006) , 28 were , 2006), 28 were excluded because NPI data were not availexcluded because NPI data were not available ( able (n n¼25) or no reliable transtemporal 25) or no reliable transtemporal window for detecting cerebral emboli was window for detecting cerebral emboli was found ( found (n n¼3). The excluded patients did 3). 
Multivariate analyses Multivariate analyses
The groups with Alzheimer's disease and The groups with Alzheimer's disease and vascular dementia were combined in the vascular dementia were combined in the multivariate analyses, as neither the prevamultivariate analyses, as neither the prevalence of emboli nor depressive symptoms lence of emboli nor depressive symptoms differed significantly between the two types differed significantly between the two types of dementia. Logistic regression analysis of dementia. Logistic regression analysis adjusted for age, gender, diagnosis and cogadjusted for age, gender, diagnosis and cognitive functioning (MMSE score) revealed a nitive functioning (MMSE score) revealed a significant association between the presence significant association between the presence of emboli and clinically relevant depressive of emboli and clinically relevant depressive symptoms: odds ratio symptoms: odds ratio¼3.47 (95% CI 1.10-3.47 (95% CI 1. Semi-quantitative sensitivity analyses Semi-quantitative sensitivity analyses were performed by entering into our final were performed by entering into our final model each non-significant cardiovascular model each non-significant cardiovascular risk factor and its interaction with type of risk factor and its interaction with type of dementia to check for differential effects dementia to check for differential effects in Alzheimer's disease and vascular demenin Alzheimer's disease and vascular dementia. None of these variables nor their intertia. None of these variables nor their interaction with type of dementia approached action with type of dementia approached significance or substantially confounded significance or substantially confounded the relationship between clinically relevant the relationship between clinically relevant depressive symptoms and spontaneous cerdepressive symptoms and spontaneous cerebral emboli. Furthermore, correction for ebral emboli. Furthermore, correction for cardiovascular risk factors that were precardiovascular risk factors that were previously associated with spontaneous cereviously associated with spontaneous cerebral emboli in healthy people (history of bral emboli in healthy people ( 
DISCUSSION DISCUSSION
The presence of spontaneous cerebral emThe presence of spontaneous cerebral emboli was significantly associated with the boli was significantly associated with the 2 61 2 61 , 1996) . Cerebral emboli might be aetiologi-1996). Cerebral emboli might be aetiologically linked to depressive symptoms in decally linked to depressive symptoms in dementia by causing vascular damage to the mentia by causing vascular damage to the frontostriatal pathways involved in depresfrontostriatal pathways involved in depression or their modulating brain areas. Presion or their modulating brain areas. Previous research has shown that patients vious research has shown that patients with dementia and depression have signifiwith dementia and depression have significantly more severe white matter lesions cantly more severe white matter lesions (Barber (Barber et al et al, 1999) and cerebral micro-, 1999) and cerebral microinfarcts (Ballard infarcts (Ballard et al et al, 2000) than demen-, 2000) than dementia patients without depression. The tia patients without depression. The arbitrary distinction between white matter arbitrary distinction between white matter hyperintensities and microinfarction sughyperintensities and microinfarction suggests at least partial overlap in aetiological gests at least partial overlap in aetiological factors, and spontaneous cerebral emboli factors, and spontaneous cerebral emboli might be one of these factors. Clark might be one of these factors. Clark et al et al (1998), however, did not find a significant (1998), however, did not find a significant relationship between a clinical diagnosis of relationship between a clinical diagnosis of depression and white matter hyperintensities depression and white matter hyperintensities in 31 patients with Alzheimer's disease, in 31 patients with Alzheimer's disease, although clinician-rated depression scores although clinician-rated depression scores were higher in patients with large anterior were higher in patients with large anterior hyperintensities on magnetic resonance hyperintensities on magnetic resonance imaging. imaging.
The lack of association between cardioThe lack of association between cardiovascular risk factors and clinically relevant vascular risk factors and clinically relevant depressive symptoms in our study may be depressive symptoms in our study may be explained by the low prevalence of both explained by the low prevalence of both in our sample. On the other hand, a subin our sample. On the other hand, a substantial number of studies have found that stantial number of studies have found that traditional vascular risk factors such as hytraditional vascular risk factors such as hypertension and diabetes are not an importpertension and diabetes are not an important cause of depression at a population ant cause of depression at a population level (Baldwin, 2005) . Cervilla level (Baldwin, 2005) . Cervilla et al et al (2004), for example, followed up 2584 (2004), for example, followed up 2584 people with moderate hypertension over people with moderate hypertension over 54 months and did not find an association 54 months and did not find an association between incident depressive symptoms and between incident depressive symptoms and cardiovascular risk factors. Both general cardiovascular risk factors. Both general atherosclerotic disease and atrial fibrillaatherosclerotic disease and atrial fibrillation can generate arterial emboli, and both tion can generate arterial emboli, and both have been associated with depressive symphave been associated with depressive symptoms (Lyness toms (Lyness et al et al, 1998; Tiemeier , 1998; Tiemeier et al et al, , 2004 ). In our sample, however, the two 2004). In our sample, however, the two measures indicative of atherosclerosis (carmeasures indicative of atherosclerosis (carotid artery disease and pulse pressure) were otid artery disease and pulse pressure) were related neither to depressive symptoms nor related neither to depressive symptoms nor to cerebral emboli (data not shown). to cerebral emboli (data not shown). Although we did not specifically investigate Although we did not specifically investigate atrial fibrillation, it is unlikely to be a atrial fibrillation, it is unlikely to be a significant confounder because of the significant confounder because of the exclusion of patients taking anticoagulant exclusion of patients taking anticoagulant medication. medication.
The assessment of clinically relevant The assessment of clinically relevant depressive symptoms was based on the depressive symptoms was based on the Neuropsychiatric Inventory, which is a Neuropsychiatric Inventory, which is a well-validated and highly reliable questionwell-validated and highly reliable questionnaire. Forty-four per cent of our population naire. Forty-four per cent of our population scored positive on the NPI screening quesscored positive on the NPI screening question for depression, which is in line with tion for depression, which is in line with published findings of 25-55% of dementia published findings of 25-55% of dementia patients scoring positive for depressive patients scoring positive for depressive symptoms on the NPI (Lyketsos symptoms on the NPI (Lyketsos et al , and an NPI cut-off score of 3/4 has been recoman NPI cut-off score of 3/4 has been recommended to indicate clinically relevant mended to indicate clinically relevant depressive symptoms for clinical trials in depressive symptoms for clinical trials in Alzheimer's disease (Schneider Alzheimer's disease (Schneider et al et al, , 2001 ). Based on the cut-off point of 3/4, 2001). Based on the cut-off point of 3/4, the proportion of dementia patients with the proportion of dementia patients with depressive symptoms decreases markedly depressive symptoms decreases markedly and falls in the same range (11-25%) as and falls in the same range (11-25%) as studies in which depression of clinical sigstudies in which depression of clinical significance is assessed according to DSM-IV nificance is assessed according to DSM-IV (American Psychiatric Association, 1994) (American Psychiatric Association, 1994) criteria (Burns criteria (Burns et al et al, 1990; Cummings , 1990; Cummings et et al al, 1995; Weiner , 1995; Weiner et al et al, 2002) . The fact that , 2002). The fact that our prevalence rate of 11% is at the lower our prevalence rate of 11% is at the lower end suggests that patients with depression end suggests that patients with depression might have more often declined participamight have more often declined participation. This might also explain the relatively tion. This might also explain the relatively low proportion of women in our study. low proportion of women in our study. Our observation of the univariate associaOur observation of the univariate association between cerebral emboli and deprestion between cerebral emboli and depressive symptoms becomes too low for sive symptoms becomes too low for reliable multivariate analyses. Depressive reliable multivariate analyses. Depressive symptoms in dementia fluctuate over time symptoms in dementia fluctuate over time and are persistent in only a minority of paand are persistent in only a minority of patients (Ballard tients (Ballard et al et al, 1996; Eustace , 1996; Eustace et al et al, , 2002) . Starkstein 2002). Starkstein et al et al (1997) found that (1997) found that in patients with Alzheimer's disease, minor in patients with Alzheimer's disease, minor depressive symptoms were transient, depressive symptoms were transient, whereas more severe symptoms suggestive whereas more severe symptoms suggestive of major depression persisted for over a of major depression persisted for over a year. Our criteria for clinically relevant deyear. Our criteria for clinically relevant depressive symptoms are more suggestive of pressive symptoms are more suggestive of major depression, and our hypothesis about major depression, and our hypothesis about the underlying mechanism -disruption of the underlying mechanism -disruption of frontostriatal circuits owing to vascular frontostriatal circuits owing to vascular damage by spontaneous cerebral embolidamage by spontaneous cerebral embolimay explain their persistence. may explain their persistence.
Some limitations of our study must be Some limitations of our study must be addressed. The cross-sectional assessment addressed. The cross-sectional assessment of depressive symptoms and emboli hinders of depressive symptoms and emboli hinders causative interpretation. Second, the popucausative interpretation. Second, the population studied was a convenience sample lation studied was a convenience sample from specialist secondary care, limiting from specialist secondary care, limiting generalisation. For example, vascular generalisation. For example, vascular dementia is a heterogeneous disorder, and dementia is a heterogeneous disorder, and we recruited relatively few patients with we recruited relatively few patients with post-stroke dementia, who are thought to post-stroke dementia, who are thought to be at particular risk of developing depresbe at particular risk of developing depression. Finally, the assessment of depressive sion. Finally, the assessment of depressive symptoms in our study was rather limited. symptoms in our study was rather limited. We did not use a separate scale, such as We did not use a separate scale, such as (for example) the Cornell Scale for Depres-(for example) the Cornell Scale for Depression in Dementia (Alexopolous sion in Dementia (Alexopolous et al et al, 1988 (Alexopolous et al et al, ), , 1988 , to assess depressive symptoms in more to assess depressive symptoms in more depth, and made no attempt to diagnose depth, and made no attempt to diagnose clinical depression using established diagclinical depression using established diagnostic criteria such as those of DSM-IV or nostic criteria such as those of DSM-IV or ICD-10 (World Health Organization, ICD-10 (World Health Organization, 1992) . 1992).
Although the vascular depression hyAlthough the vascular depression hypothesis is now established, the pathways pothesis is now established, the pathways between vascular risk and depression rebetween vascular risk and depression remain unknown. To our knowledge, depresmain unknown. To our knowledge, depression in dementia has never been linked with sion in dementia has never been linked with spontaneous cerebral emboli. Our results spontaneous cerebral emboli. Our results provide preliminary support for the hyprovide preliminary support for the hypothesis that asymptomatic microembolic pothesis that asymptomatic microembolic events might be involved in causation of events might be involved in causation of clinically relevant depressive symptoms in clinically relevant depressive symptoms in dementia. Further research is required: first, dementia. Further research is required: first, to confirm our findings in a longitudinal to confirm our findings in a longitudinal design using standardised diagnostic criteria design using standardised diagnostic criteria for depression; and second, to examine for depression; and second, to examine whether the relationship is unique to whether the relationship is unique to depressive symptoms in dementia or can depressive symptoms in dementia or can be generalised to late-onset depression in be generalised to late-onset depression in general. general.
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